Background. Patients who require acute initiation of dialysis have higher mortality rates when compared with patients with planned starts. Our primary objective was to explore the reasons and risk factors for acute initiation of renal replacement therapy (RRT) among patients with end-stage kidney disease (ESKD). Our secondary objective was to determine the difference in glomerular filtration rate (GFR) change in the year preceding RRT between elective and acute dialysis starts.
INTRODUCTION
Delayed referral to nephrology services and urgent initiation of dialysis are independent risk factors for morbidity and mortality among patients with end-stage kidney disease (ESKD) [1] [2] [3] [4] [5] [6] [7] . Urgent dialysis initiation among patients not known to renal services is associated with worse outcomes, including hospitalization, increased health care costs [8] and poorer quality of life [9] . Despite this, late nephrology referrals requiring unplanned dialysis initiation account for 20% of patients initiating dialysis [1, 3, 10] .
Several studies have identified risk factors associated with delayed referral. These include patient-related factors such as older age [11, 12] , comorbid illness [13, 14] and lower socio-economic status [15, 16] . Additional factors relate to the health system, such as the absence of communication between referring physicians and nephrologists and a lack of consensus among physicians regarding the appropriate timing of referral [17] .
Even among patients known to renal services, inpatient 'suboptimal' dialysis starts occur in >40% of patients [18, 19] . The estimated glomerular filtration rate (eGFR) remains an important determinant for when to refer for dialysis, however, there is clearly a need for more frequent surveillance in pre-ESKD care to enable earlier recognition of those cases with rapidly progressive renal disease. A better understanding of the reasons for urgent dialysis initiation and being able to identify those patients at risk of a rapid decline in GFR may facilitate timely intervention and improve patient outcome.
Our primary objective was to explore the reasons for and risk factors associated with acute renal replacement therapy (RRT) initiation. Our secondary objective was to determine the difference in the rate of decline in eGFR in the year preceding dialysis initiation between elective and acute RRT starts.
MATERIALS AND METHODS

Setting
This study was conducted at the West London Renal and Transplant Centre, a regional kidney and transplant medicine centre. It serves a population of $1.6 million people, looking after >3500 patients on RRT.
Study population
We conducted a retrospective analysis of patients initiating chronic dialysis. All patients diagnosed with ESKD initiating dialysis between January 2013 and December 2015 were included in the analysis. Patients were followed from dialysis initiation until the last clinical encounter prior to 31 July 2017. Chronic RRT was defined by the need for dialysis for a minimum of 3 months in patients with Stage 5 chronic kidney disease (CKD). Patients transplanted pre-emptively were excluded from the analysis.
Data collection
A prospective database of patients presenting to renal services and initiating RRT is routinely maintained. Following the identification of cases, electronic patient records and laboratory records were reviewed and data collected retrospectively.
We categorized patients into planned, unplanned and urgent starters. Planned starters were those starting RRT electively (as an outpatient, with an arteriovenous fistula or planned central venous dialysis catheter/peritoneal dialysis catheter in place). Unplanned starters were patients known to renal services for >90 days who required acute initiation of RRT. Urgent starters were those patients known to renal services <90 days who required acute RRT. Although timing of referral to renal services prior to ESKD is a continuous variable, we selected 90 days as a 'cut-off' for late referrals, which allows our results to be interpreted in the context of other studies [2, 6, 7, 11] .
We collected demographic data (age, gender, ethnicity, time known to renal services), clinical data (primary renal disease, comorbid illness, initial dialysis modality) and reasons why patients required acute initiation of dialysis. The eGFR was calculated using the Modification of Diet in Renal Disease (MDRD) formula from serum creatinine values at the time of dialysis initiation and at 1, 3, 6 and 12 months prior to dialysis initiation. Creatinine measurements were made in clinical laboratories using the Jaffe method. Measurements made between different laboratories were not standardized. However, the results are deemed accurate for routine clinical use. In accordance with reporting guidelines, descriptive tables were not subjected to statistical testing [20] .
Statistics
Multinomial logistic regression was used to assess risk factors associated with acute dialysis start. Planned starts on dialysis were used as the reference group. Candidate factors included ethnicity (reference group: Caucasian), gender (reference group: female), age range (reference group: age !75 years), primary renal diagnosis (reference group: diabetic nephropathy) and co-morbid illness. Data are presented as unadjusted and adjusted odds ratio (OR) with confidence interval (CI) and Pvalue.
We assessed the change in calculated eGFR over time in the year preceding dialysis initiation. We selected the time points of 1, 3, 6 and 12 months prior to dialysis initiation. If data were outside these time intervals by >15% (e.g. >5 days for the 1-month value or 55 days for the 1-year value), then we considered the data unavailable. Where patients had creatinine measurements more often, we selected the creatinine value closest to the predefined time point (1, 3, 6 or 12 months). Repeated measures analysis of variance with Greenhouse-Geisser correction was used to assess the interaction of planned status and eGFR change in the preceding 12 months prior to dialysis. Post hoc tests using the Bonferroni correction were used to assess differences in eGFR rate of change compared with planned starters. Data are presented as mean difference [standard error (95% CI); P-value]. Graphs were constructed and statistical analysis performed using Prism 5.0 (GraphPad Software, La Jolla, CA, USA) and SPSS version 22.0 (IBM, Armonk, NY, USA).
Ethics
The UK Renal Association has suggested that data on the 'percentage of patients commencing RRT referred <3 months and <12 months before date of starting RRT' are collected and analysed as part of clinical governance. As such, this study was deemed a quality improvement project and research ethics approval was not sought. Furthermore, this was a retrospective study and all treatment decisions were made prior to our assessment.
RESULTS
Demographics
A total of 904 consecutive patients initiated RRT between January 2013 and December 2015 in our centre. In all, 79 patients (8.7%) were excluded from the analysis, as they had a planned start with a pre-emptive renal transplant. A total of 825 patients initiated on dialysis were included in the analysis (Table 1) . Of these, 410 (49.7%) patients had a planned start. The remaining 415 (50.3%) patients had an acute start on dialysis, of which, 244 (58.8%) had an unplanned start and 171 (41.2%) had an urgent start (Table 1) . Unplanned starters were known to renal services for significantly less time than planned starters (3.8 6 4.2 years versus 5.0 6 4.8 years; P < 0.001).
The mean age at RRT initiation was 61. 
Reasons for acute dialysis initiation
Reasons for acute initiation of dialysis were divided into patient-related factors, acute systemic illness or unexpected accelerated decline to ESKD (Table 2 and Figure 1 ). Health care behaviour-related factors consisted of non-attendance to clinic, previous refusal of RRT initiation despite advanced kidney disease, intentional consumption of drugs known to be nephrotoxic (e.g. herbal medications) and immigration (overseas patients presenting to UK health care with ESKD). Acute systemic illness consisted of cardiovascular events, sepsis, vascular disease, autoimmunity, major surgery, obstructive uropathy, Data were complete for age, gender, planned status, mortality, initial RRT modality, primary renal diagnosis and reason for emergency RRT start. The following variables had missing data: ethnicity (n ¼ 1), initial RRT access (n ¼ 7), time known to renal services prior to RRT start (n ¼ 13), creatinine (n ¼ 1).
drug toxicity and other systemic diseases (e.g. haematological malignancy). Patients who presented with 'unexpected accelerated decline in renal function' had no discrete systemic illness but presented with either volume overload, symptoms of uraemia or hyperkalaemia/significantly elevated serum creatinine on routine blood testing. Cardiovascular disease (22%) and sepsis (48%) accounted for the majority of acute systemic illness presentations among unplanned starters. In contrast, autoimmune disease (36%) and sepsis (26%) accounted for most of the acute illness presentations among urgent starters (Table 2) . Table 3) .
Risk factors for acute RRT initiation
Acute dialysis initiation from patient-related factors. It was not possible to assess independent risk factors for acute RRT initiation associated with patient-related factors because of the relatively small sample size.
Rate of decline in GFR prior to dialysis initiation
Unplanned starters with an acute systemic illness (7.7 6 3.4 mL/ min/1.73 m 2 ; P ¼ 1.00), unplanned starters with an unexplained decline to ESKD (7.1 6 4.7 mL/min/1.73 m 2 ; P ¼ 0.230) and urgent starters with an acute systemic illness (7.1 6 4.7 mL/min/ 1.73 m 2 ; P ¼ 0.159) had similar eGFRs at the time of dialysis initiation compared with planned starters (7.6 6 3.0 mL/min/ 1.73 m 2 ). In contrast, urgent starters with an unexplained decline to ESKD (6.5 6 4.1 mL/min/1.73 m 2 ; P ¼ 0.019) had a significantly lower eGFR at initiation of dialysis compared with planned starters.
The change in eGFR at 1, 3, 6 and 12 months prior to initiation of dialysis was ascertained where possible in order to provide an estimate of the eGFR decline over the 12 months Table S1 ). Compared with planned starters, unplanned starters with systemic illness (À4.5 6 0.9, P < 0.001), unplanned starters with accelerated unexpected decline in renal function (À3.6 6 1.2, P ¼ 0.029), urgent starters with systemic illness (À26 6 1.5; P < 0.001) and urgent starters with unexpected accelerated decline in renal function (À13 6 2.4, P < 0.001) had a greater rate of eGFR decline in the 12 months preceding dialysis (Figure 2 ; Supplementary data, Table S1 ).
DISCUSSION
Acute initiation of dialysis is common, occurring in 46% of our ESKD cohort. This is consistent with other studies, reporting 40-63% inpatient initiation of dialysis [1, 3, 10] . Suboptimal dialysis initiation occurs in up to 56% of patients known to renal services for 1 year [18] . Reasons for unplanned initiation of RRT among patients known to renal services often include acute illness, unexpected decline in renal function, service-related and patient health behaviour-related factors [10, 21] . Understanding the reasons for urgent dialysis initiation, with a focus on risk No patients with ADPKD in this category.
FIGURE 2:
Rate of change of eGFR in the 12 months preceding dialysis initiation.
Data represent mean and standard mean error. Compared with planned starters, unplanned starters with systemic illness (À4.5 6 0.9, P < 0.001), unplanned starters with accelerated unexpected decline in renal function (À3.6 6 1.2, P ¼ 0.029), urgent starters with systemic illness (À26 6 1.5, P < 0.001) and urgent starters with unexpected accelerated decline in renal function (À13 6 2.4, P < 0.001) had a greater rate of eGFR decline in the 12 months preceding dialysis.
stratification and identifying modifiable risk factors, is fundamental to improving patient care. On initiation of dialysis, the eGFR of patients starting acute dialysis was similar to that of planned starters (apart from urgent starters with an unexplained decline to ESKD). The rate of eGFR decline 12 months prior to dialysis initiation of patients requiring urgent dialysis was greatest. The rapid and often unpredictable loss of renal function in the context of acute systemic illness may make any intervention to avert acute dialysis start difficult.
Urgent dialysis initiation
Delayed or late referral remains a negative aspect of renal care and is well known to be associated with adverse outcomes [22] , including more frequent and longer hospitalization [23] , suboptimal vascular access [24] , poorer psychological well-being [25] and lower uptake of home dialysis therapies [26] [27] [28] . The reasons for late referrals need to be ascertained, as it may facilitate prevention of progression to ESKD. A shorter duration of predialysis care is associated with increased morbidity and mortality [1, 4, 5, 7] .
In all, 20.7% of our cohort had a late referral and urgent start on dialysis, consistent with the overall national UK rate of urgent dialysis initiation of 17% [29] . Similarly in the USA and Australia, $20% of patients requiring chronic RRT are referred to renal services within 3-4 months [2, 30] .
Patients known to renal services for <3 months required acute dialysis because of acute systemic illness in 62% of cases. Unsurprisingly, the first presentation of autoimmune GN was a significant risk factor. This reflects the nature of our nephrology service, which is a tertiary referral centre for renal vasculitis. 'Other' renal diseases were also a significant risk factor and were comprised primarily of patients requiring nephrectomy for major surgery and haematological malignancy. This illustrates the important distinction between 'late presentation' and 'late referral'. The same is true for patients at the opposite end of the spectrum, with slowly progressive but asymptomatic renal dysfunction over many years. In our cohort, 7% required dialysis within 3 months of presentation, without any obvious cause of ESKD. These patients often presented with small scarred kidneys on ultrasound scans and with negative immunology on serological tests.
The UK renal registry reports an overall national 'late referral' rate of 12.2%, with considerable variation in late presentation rates (5-40%) between UK renal centres [29] . We were able to ascertain historical serum eGFR values in half the patients referred to us within 3 months of requiring dialysis (urgent starters). A significant proportion of these patients had CKD up to 12 months prior to the initiation of dialysis, yet were referred within 3 months of requiring dialysis. Deficiencies in primary and secondary care recognition of CKD and delays in activating referral pathways for specialist nephrology input may be contributory. Laboratory eGFR reporting and prompts (e-alerts) to consider specialist referral are now routinely used by many centres. A recent UK-wide initiative (Assist-CKD) provides a graphical surveillance tool to monitor eGFR and identifies people with CKD who are at greatest risk of disease progression [31] .
Unplanned dialysis initiation
One-third of patients requiring acute dialysis initiation had been known to renal services for >3 months, 55% of whom had an association with acute systemic illness. The cardiovascular disease burden and advancing age associated with acute systemic illness are a reflection of the vulnerability of this advanced CKD cohort to acute illness precipitating the need for emergency dialysis.
One-third of patients with unplanned starts presented with an accelerated unexpected decline in renal function precipitating the need for emergency dialysis. The cause of the accelerated decline in renal function compared with planned starters remains unclear. Clinical judgement among nephrology consultants has been shown to be sensitive but not specific in predicting the need for dialysis, and eGFR was the only independent correlate of predicted time to dialysis [32] . Diabetes is an independent risk factor for unplanned dialysis initiation. Diabetic patients may warrant more frequent eGFR monitoring, particularly those at higher risk of rapid decline, that is, with advanced albuminuria, ongoing poor glycaemic control, presence of retinopathy and neuropathy and those with dyslipidaemia [33] .
A significant proportion of patients (11.5%) known to renal services for >3 months required acute dialysis associated with 'health care behaviour-related factors'. This included noncompliance and patient denial. Although we do not have detailed information on health care education given to individual patients in this cohort, we routinely facilitate a patient education programme preparing patients (typically with eGFR <20 mL/min) for dialysis. Such programmes have been shown to improve patient mortality [34, 35] . Yet, for a small proportion of patients, additional measures may be required to achieve better patient engagement [36] and improve equity of dialysis access.
Strengths and limitations
The main limitation of our study is its retrospective nature. However, a record of all patients initiating dialysis has been prospectively collected to ensure no bias in patient selection. Preemptive renal transplant recipients were excluded from the analysis, as the primary objective of this analysis was to compare outcomes of patients undergoing elective or emergency dialysis initiation. One-year survival among pre-emptive renal transplant recipients was 99%, compared with 92% among planned dialysis initiation.
We do not have complete data on eGFR values in the 12 months preceding dialysis initiation, with less than half the values available for the cohort at some time points among urgent dialysis starters. While we run a comprehensive patient education programme available for all patients, we do not have details on the number of clinic attendances and educational sessions each patient has had.
Estimating the eGFR change by linear regression may potentially mask slow progression with acute chronic decline in the month prior to dialysis initiation. Despite this, there was a significant difference in eGFR change in the 12 months preceding dialysis between emergency and planned dialysis initiation.
Our findings may not reflect other populations of dialysis patients, given the ethnic diversity in our patient cohort. The high proportion of patients with diabetic nephropathy is likely to reflect the greater proportion of African and Asian patients in our population. The proportion of patients with hypertensive nephrosclerosis in our cohort is considerably lower than that reported in European data [37] , although this may reflect the difficulty in defining patients with true 'hypertensive nephrosclerosis', as hypertension may be causal, an effect of or an epiphenomenon to CKD.
Despite these limitations, our study has a number of strengths. Compared with other studies with this level of detail, we describe a large patient cohort. We report differences in risk factors for initiating emergency dialysis based on the reasons behind emergency dialysis starts. We also demonstrate information about the rate of decline in eGFR in the 12 months preceding dialysis initiation in the context of reasons for acute dialysis starts. Future work needs to focus on ensuring timely referral of CKD patients to renal services.
CONCLUSIONS
Acute initiation of dialysis is common, even in patients known to renal services. Acute systemic illness and an unexplained decline in renal function are common reasons for requiring acute RRT initiation. A proportion of patients initiating dialysis were known to have CKD even 12 months prior to the initiation of RRT but were only referred to renal services within 3 months of needing dialysis. Cardiovascular comorbidities and risk factors and advancing age were significant risk factors for acute dialysis initiation among patients known to renal services for >3 months. The rapid and often unpredictable loss of renal function in the context of acute systemic illness may make any intervention to avert emergency dialysis start difficult. Patients with a rapid decline in GFR are at greatest risk of progression to ESKD and merit more frequent GFR monitoring to limit progression and facilitate earlier dialysis planning.
